Solar Heating in Taiwan  by Chang, Keh-Chin et al.
 Energy Procedia  57 ( 2014 )  834 – 839 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of ISES.
doi: 10.1016/j.egypro.2014.10.292 
2013 ISES Solar World Congress 
Solar heating in Taiwan 
Keh-Chin Changa, Wei-Min Linb, Tsong-Sheng Leea, Kung-Ming Chunga* 
aEnergy Research Center, National Cheng Kung University,1 University Road, Tainan, 701, Taiwan 
bDepartment of Accounting Information, Tainan University of Technology, 520 Chung-Cheng Road, Yongkang, ,710,Taiwan 
Abstract 
Solar water heaters (SWHs) can provide hot water at temperatures ranging from 40 to 80oC for domestic or industrial 
use. With the subsidy programs (1986-1991 and 2000-present) offered by the Bureau of Energy, Ministry of 
Economic Affairs and some municipal governments, the accumulated area of solar collectors installed at the end of 
2012 reached 2.25 million square meters. The well-orchestrated and concerted efforts put forward by the government 
of Taiwan, particularly with the Renewable Energy Development Bill promulgated in 2010, have played a significant 
role in the increased dissemination of SWHs. Further, the long-duration national subsidy programs might constitute 
one of the main driving forces for local market expansion. The mass media should be more aggressively utilized to 
enhance public awareness and promote utilization of SWHs. Organizations also need to consider the interests of 
society by being accountable for their businesses practices and by being responsible for the impact of their activities 
on the environment. This paper reports the current status and perspectives of SWHs in Taiwan, according to the desk 
and field surveys.  
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1. Introduction 
Taiwan is a densely populated island with limited natural resources and has depended exclusively on 
imported fossil fuels to fulfill its energy needs. As shown in Table 1, the total energy supply increased 
from 58,329 kiloliters of oil equivalent (103KLOE) in 1991 to 106,383 and 138,236 103KLOE in 2001 
and 2011, respectively. The average annual growth rate was approximately 4.4% during the last two 
decades. For indigenous energy, as shown in Table 2, biomass and waste corresponded to the major 
energy resources, and hydropower accounted for 13.35%-23.38%. In 2011 solar thermal, solar PV and 
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wind power constituted 3.95% and 5.21%, respectively.  It is also noted that the ratio of indigenous 
energy to total energy supply in Taiwan has been declined gradually, which was 2.07% in 2011. 
In response to the impact of the United Nations Framework Convention on Climate Change, the 
development and use of renewable energy sources and technologies are becoming vital for the 
management of energy supply and demand in Taiwan. The Bureau of Energy, Ministry of Economic 
Affairs (BEMOEA), has been positively promoting the research and development of renewable energy, 
including wind power generation, solar photovoltalic energy, solar thermal energy, geothermal utilization, 
ocean energy and biomass energy. Further, Taiwan is a leaf-shaped island straddling the Tropic of Cancer 
with abundant and reliable supply of solar energy. The average daily global solar insolation is 
approximately 3.25 kWh/m2 in the north and 4.64 kWh/m2 in the south. Solar heating could be 
economically competitive with conventional heating fuels (electricity, natural gas or liquefied petroleum 
gas). In this context, the market of residential solar water heaters (SWHs) in Taiwan has been highly 
developed with subsidy programs offered by the government of Taiwan so far. This paper reports the 
current status of SWHs in Taiwan and discusses the perspectives for its further development. 
Table 1. Energy supply (103KLOE) in Taiwan 
               1991               2001              2011 
103KLOE % 103KLOE % 103KLOE % 
Total 58,329  106,383  138,236  
Indigenous 1,646 2.31 2,462 4.1 2,864 2.07 
Imported 56,683 97.18 103,921 97.69 135,372 97.93 
 
Table 2. Indigenous energy supply 
         1991         2001         2011 
103KLOE % 103KLOE % 103KLOE % 
hydropower 368.4 22.38 487.5 19.80 382.4 13.35 
biomass and waste - - 1,096.0 44.52 1,914.0 66.83 
solar PV and wind power 1.7 0.10 0.1 0.00 149.2 5.21 
solar thermal 24.9 1.51 81.1 3.29 113.2 3.95 
 
2. Solar water heaters in Taiwan 
2.1. Subsidy programs  
A national renewable energy policy is a vital prerequisite to translate customer choice into a larger 
market share for non-conventional energy technologies [1]. A review of international subsidy policies 
regarding SWHs was given by Roulleau and Lloyd [2] in terms of their success or failure for selected 
countries. In Germany and Austria, the direct subsidy was up to 50% of the total installation cost. Tax 
credits (France) and tax deduction (Greek) were also employed as policy tools. These subsidy programs 
created a positive impulse on dissemination of SWHs. However, the cases in Sweden and Holland were 
disappointing.  
Taiwan began the manufacture of SWHs in 1978. The annual sales are shown in Fig. 1. The area of 
solar collector installed ASC was less than 5,000 m2 per annum. Therefore, the Taiwanese government 
initiated a six-year subsidy program (1986-1991) to prompt the installation of SWHs. The subsidy ratio 
(subsidy over total installation cost for a SWH) ranged from 23% to 28% between 1986 and 1989 and 
decreased to lower than 20% over the next two years [3].  The industry of SWHs expanded very quickly 
and ASC reached about 60,000 m2 per annum by the end of the program. Then the installation of SWHs 
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slowed down in the period of 1995-1999. To further prompt the application of solar thermal energy, the 
Taiwanese government initiated the second subsidy program for four and half years (July 2000-2004), 
following the ``Measure for promoting Solar Hot-Water System’’ in 2000. An end user filed an 
application form for subsidization. For a large-scale SWH, the layout of the system and its design criteria 
also had to be submitted to a review committee. Comments from committee members would assist the 
installer in revising the system design. The subsidy ratio ranged from 18.3% to 21.3% from 2001 to 2007. 
With the subsidy program, ASC has exceeded over 100,000 m2 per annum since 2004 [4]. Then in terms of 
service life of 15 years, the operating residential SWHs are estimated to be 0.3 million systems by the end 
of 2012. Furthermore, the municipal governments announced regional subsidy programs since 2008, as 
shown in Table 3. An additional subsidy for purchase of a SWH was granted. In Kieman county, the total 
financial incentives accounted for approximately 89% of the total installation cost in 2009. It is also noted 
that a significant increase in the sales of SWHs in 2010 was because of the regional subsidy program by 
Kaohisung city (2008-2010), which provided a driving force for market expansion. ASC was 21,648 m2 in 
2010, as shown in Fig. 2, which was a 111% increase in comparison with that in 2007. The local subsidy 
program was considered quite successful 
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Fig. 1. Annual sales of SWHs in Taiwan 
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Fig. 2. Annual sales of SWHs in Kaohsiung city 
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Table 3 Subsidy programs in Taiwan  
Funding agency Period Collector-area-based subsidies 
BEMOEA 1986.01-1992.06 Direct subsidy, 2,000 NTD/m2 for glazed flat-plate SC and 
evacuated tube SC; 1,000 NTD/m2 for unglazed flat-plate SC 
Direct subsidy, 1,000 NTD/m2 for glazed flat-plate SC and 
evacuated tube SC; 500 NTD/m2 for unglazed flat-plate SC 
from 1990 to 1991 
BEMOEA 2000.07-2008.12 Direct subsidy, 1,500 NTD/m2 for glazed flat-plate SC and 
evacuated tube SC; 1,000 NTD/m2 for unglazed flat-plate SC 
BEMOEA 2009.01-present Direct subsidy, 2,250 NTD/m2 for glazed flat-plate SC and 
evacuated tube SC; 1,500 NTD/m2 for unglazed flat-plate SC  
Government of Kieman county 2008.03-present Direct subsidy, the same amount as BEMOEA 
Subsidizing up to Ac = 6 m2 after April 1, 2010  
Government of Kaohisung city 2008.09-2010.12 Direct subsidy, the same amount as BEMOEA 
Subsidizing up to 70% of total cost 
Government of Chiayi county 2011.01-2011.12 Direct subsidy, the same amount as BEMOEA 
Government of Yulin county 2011.01-present Direct subsidy, the same amount as BEMOEA 
Government of Penghu county 2012.01-present Direct subsidy, 3,000 NTD/m2 
*SC: solar collector; 1USD | 30 NTD (New Taiwan Dollar) 
 
2.2. Product 
Product marketability could not be based only on word of mouth or previous experiences with the 
product rather than actual thermal performance. Thus, the Taiwanese government has enforced the 
standards on solar collector and SWHs since the first subsidy program (1986-1991). Certifications of a 
solar collector or a SWH are required when filing for a rebate [5]. For a solar collector, the Chinese 
National Standards (CNS 15165-1-K8031-1) is in compliance with the existing international standards. 
The standard specifies an outdoor test method to determine steady-state and quasi-steady-state thermal 
performance of solar collectors under natural solar radiance (t 800 W/m2). In Table 4, FR(WD) and FRUL 
are the intercept and slope of collector efficiency curve (heat loss), respectively. Note that the metallic 
type solar collector is a stainless or copper flat plate with selective coating while there is no glass cover 
for the unglazed type collector.  In 2012 there are 131 certified solar collectors, in which the metallic flat-
plate type solar collectors account for 86%. Further, the thermal efficiency of a SWH (CNS 12558-
B7277, η t 0.5) is given as the ratio of useful heat absorbed by a SWH to incoming solar energy on 
solar collectors. The ratio of volume of storage tank to solar collector area ranges from 50 to 80 litres/m2. 
73 SWHs are in the list of certified products, including metallic flat-plate type (3 systems), storage type (4 
systems) and evacuated-tube type (66 systems).  
 
Table 4 Standards of solar collector 
Metallic type or 
evacuated tube 
Non-metallic type Unglazed type 
FR(WD) FRUL FR(WD) FRUL FR(WD) FRUL 
t 0.75 d 7.0 t 0.65 d 7.5 t 0.85 d 20 
 
Most domestic SWHs use natural circulation [6]. A horizontal storage tank is positioned above the 
solar collectors. According to the field survey, all metallic flat-plate type solar collectors have been 
produced domestically while the collectors of evacuated-tube type are imported. The annual sales of 
SWHs with both types of solar collectors are shown in Fig. 3. The market share of the glazed flat-plate 
type SWHs was over 97% in 2001, and the area of solar collectors installed per annum increased almost 
50% over the next three years and reached the maximum in 2006. Since 2003, the market share has been 
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in a gradual decline. On the other hand, the annual sales of evacuated-tube type SWHs expanded greatly. 
In 2007 the area of solar collector installed was more than 10,000 m2, in which the market share 
approached 10%. It is also noted that the average area of solar collector installed is 5 m2 and 3 m2 for flat-
plate type and evacuated-tube type SWHs, respectively. In terms of units of SWHs installed, the market 
share of the evacuated-tube type is over 15% since 2008. 
2.3. Market 
SWHs (2001-2011) installed in terms of ASC is shown in Table 5. Chang et al. [4] demonstrated that 
98% of SWHs were used in the domestic sector. According to the daily hot water consumption for each 
person, SWHs with ASC less than 2 m2, which would be used for one- or two-person households, 
contributed only a 1.4% market share. There were over 90 % SWHs with ASC ranging from 2 to 6 m2. For 
large-scale systems (ASC t 100 m2), there were less than 10 systems installed per annum during the last 
decade. Karagiorgas et al. [7] demonstrated that that SWHs of larger scale could be particularly effective 
in industries for producing hot water of 40-80oC, such as food, agro, textile, chemical, and beverage 
industries. To boost the local market in the commercial sector, Liu et al. [6] have conducted the field 
measurements of large-scale SWHs for applications in dormitories, swimming pools and manufacturing 
plants. It was found that hot water use pattern and operation of auxiliary heater are critical in system 
design. Further, to prompt industrial application, it is considered that some revised subsidy program is 
required, such as a combination of performance-based and direct subsidy scheme or tax deduction based 
on footprint of energy savings [8]. Alos taking into account greenhouse gas production and sharp 
environmental deterioration problems, it is also necessary to educate end users in both domestic and 
commercial sectors on the socio-cultural benefits of SWH applications. 
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Fig. 3. Annual sales of SWHs 
 Keh-Chin Chang et al. /  Energy Procedia  57 ( 2014 )  834 – 839 839
 
Table 5 Unit of domestic SWHs installed in terms of ASC [3] 
Year < 2 m2 2-4 m2 4-6 m2 6-10 m2 
2001 179 4,436 7,951 1,135 
2002 215 5,073 7,385 1,130 
2003 240 5,849 8,035 1,053 
2004 305 7,151 10,310 1,225 
2005 440 8,997 11,819 1,382 
2006 528 9,782 11,140 1,558 
2007 350 11,280 10,218 1,514 
2008 353 12,690 9,740 1,280 
2009 228 12,805 8,133 1,253 
2010 239 12,353 11,617 1,813 
2011 260 11,174 10,324 1,274 
Sum 3,337 
(1.4%) 
101,590 
(44.0%) 
106,672 
(46.2%) 
14,617 
(6.3%) 
3. Conclusions 
There has been increasing public interest in issues related to energy savings and the concern for the 
environment. Taiwan is an ideal location to take advantage of solar thermal energy technology. The 
impressive diffusion of solar water heaters is due to public awareness, product standardization and 
subsidy programs. However, limited systems installed for industrial applications should be addressed. It is 
necessary to upgrade advertising campaigns and formulate revised subsidy program.  
Acknowledgements 
This work was supported by the Bureau of Energy, Ministry of Economic Affairs, Taiwan, Republic of 
China 
References 
[1] Srinivasan S. Subsidy policy and enlargement of choice. Renewable and Sustainable Energy Reviews 2009; 13:2728-
2733. 
[2] Roulleau T, Lloyd CR. International policy issues regarding solar water heating, with a focus on New Zealand. Energy 
Policy 2008; 36:1843 -1857. 
[3] Chang KC, Lin WM, Lee TS, Chung KM. Subsidy programs on diffusion of solar water heaters: Taiwan’s experience. 
Energy Policy 2011; 39(2):563-567. 
[4] Chang KC, Lin WM, Lee TS, Chung KM. Local market of solar water heaters in Taiwan: review and perspectives. 
Renewable and Sustainable Energy Reviews 2009; 13(9):2605-2612. 
[5] Lin WM, Chang KC, Liu YM, Chung KM. Field surveys of non-residential solar water heater in Taiwan. Energies 2012; 
5(2):258-269. 
[6] Liu YM, Chung KM, Chang KC, Lee TS. Performance of thermosyphon solar water heaters in series. Energies, 2012; 
5(9):3266-3278. 
[7] Karagiorgas M, Botzios A, Tsoutsos T, Industrial solar thermal applications in Greece economic evaluation, quality 
requirements and case studies. Renewable and Sustainable Energy Reviews 2001, 5:157-173. 
[8] Chang KC, Lin WM, Chung KM. Solar thermal market in Taiwan. Energy Policy 2013; 55: 477-482. 
